A 32-year-old Filipino female presented with Takayasu's arteritis manifesting as an abrupt onset of syncope. Physical examination revealed diminished consciousness, right hemiparesis, and a large discrepancy in blood pressure between the upper and lower extremities. Magnetic resonance imaging revealed cerebral infarcts in the left basal ganglia and the left temporal lobe. Angiography revealed complete occlusion of the left common carotid artery and severe stenosis of the brachiocephalic artery, the right common carotid artery, and the left subclavian artery. Based on the clinical examination and studies, the diagnosis was Takayasu's arteritis, type I. The patient's condition stabilized after 2 months of prednisone and anti-platelet therapy. Single stage multiple stenting in the brachiocephalic artery, the right common carotid artery, and the left subclavian artery was then performed using high pressure inflation to dilate the arteries due to the remarkably rigid lesions that resulted from extensive and diffuse fibrosis throughout the vessel walls. Although a small intimal flap occurred during inflation of the left subclavian artery, re-dilation was possible with the stent. Even with evidence of notable recovery in blood pressure and cerebral blood flow, no further neurological improvement was observed. In view of the favorable short-and intermediate-term results, single stage multiple stenting may be the optimum treatment option for first-line stent-supported angioplasty in patients with Takayasu's arteritis.
Introduction
Takayasu's arteritis is a non-specific, idiopathic, chronic inflammatory arteritis involving the aorta and its major branches, 4) and is prevalent among young, Asian females. 6) The inflammation observed in Takayasu's arteritis involves the tunica media and the tunica adventitia of blood vessel walls and also affects the vasa vasorum, producing a diffuse or nodular fibrosis. 5) Takayasu's arteritis often induces cerebrovascular accidents as well as ischemic heart disease, cardiac failure, aneurysm, renal failure, retinopathy, and hypertension. 10, 15, 18) The overall survival percentage in patients with Takayasu's arteritis at 10 years after diagnosis is 80.3%, and the event-free survival percentage at 10 years is 61.6%. 15) However, the treatment for Takayasu's arteritis has not been well established to date. Endovascular interventions, such as percutaneous transluminal balloon angioplasty (PTBA), have shown success in relieving stenotic lesions of major arteries in recent studies. 7) Another alternative in the treatment of Takayasu's arteritis is stent-supported angioplasty, but evidence for the efficacy of single stage multiple stenting is limited. Here, we describe a successful treatment using single stage multiple stenting in the brachiocephalic trunk, the right common carotid artery, and the left subclavian artery after acute cerebral infarctions in a young, female patient with Takayasu's arteritis.
Case Report
A 32-year-old, right-handed, Filipino female suffered sudden onset of altered mental status and was found collapsed at the entrance of her apartment. She was transported to our emergency room in an obtunded state and did not respond to verbal commands. An internist suspected that the patient had suffered from an epileptic attack or an acute onset of encephalopathy, and she was emergently admitted. The patient developed right hemiparesis within a few hours after admission. Diffusion-weighted and T 2 -weighted magnetic resonance imaging revealed left basal ganglia and temporal lobe infarctions (Fig. 1) . The patient was referred to the Department of Neurosurgery for further management.
The patient's past medical history included multiple episodes of loss of consciousness at the ages of 16, 18, and 21 years, as well as a history of an ovarian hemorrhage at the age of 31 years. Furthermore, the patient's family history included frequent loss of consciousness in both the patient's mother and sister. Physical examination revealed blood pressure of 67/51 mmHg in the upper extremities and 125/not available mmHg in the lower extremities. The radial pulses were absent bilaterally. Auscultation detected no murmurs or rales over the chest, and no bruits over the abdomen. However, carotid bruits were present bilaterally. Neurological examination showed the patient's level of consciousness was 9 (E3 V2 M4) using the Glasgow Coma Scale. The patient had reactive, isocoric pupils, and evidence of right hemiparesis (motor strength of 1/5 in the upper extremity and 2/5 in the lower extremity). No other significant physical findings were noted.
Laboratory data were remarkable for the presence of elevated markers of inflammation, including erythrocyte sedimentation rate (ESR) of 71 mm/hr (normal, 0-9 mm/hr) and C-reactive protein (CRP) level of 1.62 mg/l (normal, 0-0.36 mg/l). Computed tomography (CT) with contrast medium of the chest and subsequent aortography revealed severe stenosis of the brachiocephalic artery, the right common carotid artery, and the left subclavian artery, in addition to complete occlusion of the left common carotid artery ( Fig. 2A, B) . Single photon emission computed tomography (SPECT) of the brain showed notably poor blood flow to the left frontal and temporal lobes (Fig. 2C,  D) . Under a diagnosis of vascular arteritis, intravenous injection of prednisone at 1 mg/kg daily was started, which was tapered down over one month. Aspirin (330 mg orally administered daily), ticlopidine (100 mg orally administered twice a day), and edaravone (30 mg intravenously administered daily) were also initiated for the cerebral infarctions.
Her level of consciousness gradually improved, but she was confirmed to have severe, pure motor aphasia. With the help of physical and speech therapies during hospitalization, the right hemiparesis and motor aphasia gradually improved to the point where the patient could walk with assistance and to communicate in her native language and in English within a 2-month time span. After the patient had recovered from the acute phases of stroke and vascular arteritis as evidenced by an ESR of 7 mm/hr and a CRP level of 0.03 mg/l, stent-supported angioplasty was performed on the 72nd day of her hospital stay in an effort to prevent future cerebrovascular accidents. Throughout the procedure, the patient was given 5,000 units of heparin to maintain an activated coagulation time between 250 and 300 seconds. Quantitative right brachiocephalic angiography was undertaken to measure the diameter of the vessels and the length of the lesions. Protection balloon systems were placed in the right vertebral artery and the internal carotid artery to prevent distal emboli. Pre-dilation was performed with a 4 mm × 30 mm balloon catheter, and an 8 mm × 60 mm Smart } Stent (Cordis Corporation, Bridgewater, New Jersey, USA) was deployed in the brachiocephalic trunk and the right common carotid artery. The stent had a small waist at the site of the lesion so that dilation could be performed with a 6 mm × 40 mm balloon catheter and an 8 mm × 20 mm balloon to obtain the optimal result. Despite the use of high pressure inflation in two attempts, the brachiocephalic trunk and the right common carotid artery could not be completely dilated. However, angiography showed satisfactory reconstruction of the brachiocephalic trunk from the ostium up to the common carotid artery. Next, a 7 mm × 13.5 mm Palmaz } Stent (Cordis Corporation) was deployed across the lesion in the left subclavian artery. High pressure balloon inflation was performed within the stent after the placement. An arterial dissection was confirmed in the wall at the distal end of the stent, so another 8 mm × 12.7 mm Palmaz } Stent was implanted in the dissected portion of the vessel. High pressure balloon inflation was performed within the second Palmaz } Stent. Good distal flow was achieved in both the right common carotid and the left subclavian arteries (Fig. 3A) .
Heparin at 1,000 units per hour was continued for the next 24 hours. Oral aspirin (330 mg administered daily) was resumed thereafter. Slight oozing of blood was present at the left femoral site during heparinization, but completely resolved after discontinuation of the heparin infusion. Although no apparent neurological improvements were achieved after stent-supported angioplasty, both the right and left radial arteries had become well palpable, and the blood pressure was elevated to 94/56 mmHg in the right upper extremity and 104/60 mmHg in the left upper extremity. CT did not detect post-procedural hemorrhage by reperfusion or cerebral infarction due to microemboli. Post-stenting SPECT also confirmed absence of hyperperfusion secondary to the single stage multiple vascular dilations (Fig. 3E, F) . The patient continued rehabilitation for approximately one month, and subsequently returned to her native country. 
Discussion
The diagnosis of Takayasu's arteritis in asymptomatic patients is challenging to most physicians since only 33% of patients with Takayasu's arteritis have systemic symptoms on presentation. 6) Our patient met 4 of the 6 criteria for the classification of Takayasu's arteritis, as defined by the 1990 guidelines from the American College of Rheumatology. Since the aorta was not involved, the patient was classified as the most common type, type I, occurring in 50% of patients with Takayasu's arteritis, 13) based on the classification guidelines from the International Conference on Takayasu's Arteritis in 1994.
Some patients with Takayasu's arteritis (20%) present with cerebrovascular symptoms, such as disequilibrium, syncope, visual disturbances, transient ischemic attack, seizures, and altered sensorium. 10, 14, 15, 18) Severe hypertension, severe functional disability, and evidence of cardiac involvement are good predictors of either death or a major To manage active arteritis, an initial dose of corticosteroid administered at 1 mg/kg/day for one month, and then tapered down to less than 10 mg/day, is the initial mainstay of medical therapy for patients with Takayasu's arteritis. 4, 9) However, studies report that only 20% of patients with Takayasu's arteritis maintain remission for 6 months on less than 10 mg prednisone. 4) Since no medical therapies can reverse established vascular stenosis, 4) the combination of medical therapy and subsequent revascularization is crucial in patients with Takayasu's arteritis.
Stent-supported angioplasty has recently emerged as the treatment of choice for stenotic lesions in patients with Takayasu's arteritis (Table 1) . Stents not only assist in achieving larger luminal diameters, but may also eradicate or remarkably decrease gradients across stenotic lesions. 2) Re-stenosis has been observed in 44.4% of lesions treated with only angioplasty, but only 17.6% of lesions showed re-stenosis with the use of angioplasty with stenting. 7) On the other hand, the use of stents may not yield long-term vessel patency in patients with Takayasu's arteritis as compared to the use of stents in the treatment of atherosclerosis. 8) However, all recurrent stenoses in patients with Takayasu's arteritis have been treated successfully by reintervention without significant complications. 7) The key to successful stenting in patients with Takayasu's arteritis is to evaluate the lesions frequently during the intervention and to dilate the rigid vessels carefully with adequately high pressure. Compared to atherosclerotic lesions, the lesions in patients with Takayasu's arteritis are very rigid due to their extensively diffuse, fibrotic, eccentric, and calcified nature. 11, 16) Although arterial lesions of Takayasu's arteritis have similar luminal diameter of stenosis compared to arterial lesions of atherosclerosis before PTBA, they require higher balloon inflation pressure to be dilated, resulting in greater risk for residual stenosis after PTBA. 17) In one study, the required mean inflation pressure was 5.5 atm for arterial lesions of atherosclerosis compared to 9.9 atm for arterial lesions of Takayasu's arteritis. 17) Since higher balloon inflation pressure causes more back pain, more frequent intimal dissection, bradycardia, and hypotension, close monitoring is required during dilation of balloons and stents. In our patient, minimal intimal dissection occurred in the left subclavian artery, and insertion of an additional stent allowed sufficient dilation.
Intravascular ultrasonography (IVUS) was frequently used during angioplasty as a great diagnostic tool to evaluate the wall of blood vessels, to determine the ideal positions of the stents, and to re-evaluate the final stent placement (Fig. 3B, D) . The intimal flap that occurred during high pressure inflation and the well-opposed stents that increased the luminal diameter were well depicted by IVUS (Fig. 3C) . In addition to selection of an appropriately sized vessel and using anti-platelet therapy to prevent blood coagulations, IVUS is a remarkably helpful tool in deploying a stent safely in patients with Takayasu's arteritis.
Since involved aortic segments in patients with Takayasu's arteritis have smooth and regular intimal surfaces, 3) deployment of a balloon catheter or a stent in arterial lesions of Takayasu's arteritis can be unstable. To avoid stent slipping or stent migration, the stent was repeatedly dilated with moderately high pressure. Distal emboli do not occur as frequently in patients with Takayasu's arteritis as in patients with atherosclerosis, which is attributable to the smooth intima. Accordingly, some endovascular surgeons claim that it is unnecessary to protect against distal emboli in patients with Takayasu's arteritis. However, given the risks and benefits, we recommend placing of a protecting device in the vessel distal to the lesion if this can be feasibly achieved.
Whether single stage deployment is the preferred option to multiple stage deployments remains controversial. Some endovascular surgeons claim that single stage multiple deployment may cause drastic dynamic changes in blood flow, which would subsequently increase the risk of cerebrovascular accidents. Cerebral hemorrhage after bilateral aorta to carotid grafts has been the cause of deaths, 12, 14) attributed to sudden, excessive blood flow through the graft or to severe autonomic dysregulation that may have been related to bilateral carotid sinus dysfunction as a result of Takayasu's arteritis. 12, 14) However, we should note that excessive anti-coagulation or antiplatelet medication during and after surgery may also be implicated in the occurrence of these cerebral hemorrhages. In our case, single stage multiple deployments had no apparent adverse events during and after the procedure, possibly as our patient had cerebral infarcts limited to the left basal ganglia and the left temporal lobe. Although single stage deployments are less invasive and are more cost-effective when compared to multiple stage deployments, the risk of post-stenting hyperperfusion is higher than multiple stage deployments. Thus, the tech-Neurol Med Chir (Tokyo) 52, April, 2012
Single Stage Multiple Stenting in Takayasu's Arteritis nique of single stage multiple deployments in the carotid arteries should be used selectively only in patients with small infarcts and the post-stenting hyperperfusion is less likely.
Furthermore, it is important for endovascular surgeons to consider the order of dilation in deploying multiple stents in several aortic branches. Dilating a brachiocephalic trunk before a common carotid artery may precipitate distal emboli. It is generally advisable to dilate a distal artery before a proximal artery, if possible. However, some endovascular surgeons claim that it is permissible to dilate only the proximal part of the lesions instead of whole narrow segments; for instance, it would be permissible to dilate only the common carotid artery in the case of intractable and rigid internal carotid artery stenosis.
Since arterial lesions of Takayasu's arteritis have many different features compared to arterial lesions of atherosclerosis, endovascular surgeons should keep such characteristics of Takayasu's arteritis lesions in mind during angioplasty. Stent-supported angioplasty has many advantages compared to PTBA and vascular surgery. However, the rate of long-term patency and the cost effectiveness of stent-supported angioplasty in patients with Takayasu's arteritis remain unclear. At present, in the absence of randomized trials, it is premature to conclude that stent-supported angioplasty is superior to either PTBA or vascular surgery in patients with Takayasu's arteritis. Nevertheless, in view of the favorable short-and intermediate-term results, stent-supported angioplasty is rapidly becoming the preferred treatment at many medical institutions.
